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Abstract 

The  purpose  of  this  paper  is  to  indicate  the  applicability  of  decision 
analyses  to  environmental  problems,  which  we  define  to  be  those  problems 
where  the  alternatives  might  alter  the  natural  environment.  Thus,  we  are 
concerned  with  possible  changes  in  our  air,  water,  and  lard  caused  by, 
for  example,  auto  emissions,  noise,  nuclear  reactors,  extinction  of 
animal  or  floral  species,  weather  modification,  irrigation,  and  over- 
population. 

All  of  the  problems  of  interest  possess  a  number  of  characteristics 
which  contribute  to  their  complexity.  There  is  often  no  consensus  on 
what  one  should  strive  to  achieve  with  regard  to  the  environment,  and 
few  standard  measures  to  indicate  this  achievement.  These  problems 
always  have  multiple  objectives,  and  consequently,  any  analysis  must 
address  the  inevitable  tradeoffs  which  occur.  In  this  regard,  the 
basic  tradeoff  is  usually  between  economic  and  material  development  and 
the  quality  of  the  environment  and  these  effects  often  reverber:^te  for 
many  years  after  the  initial  decision  is  made.  Furthermore,  there  is  a 
large  degree  of  uncertainty  about  the  eventual  impact  of  each  of  the 
alternative  "solutions"  to  environmental  problems.  Finally,  many  of  the 
environmental  problems  do  not  clearly  fall  under  the  responsibility  of 
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one  person,  who  could  make  decisions  accordingly,  or  even  under  one  agency. 
Rather  many  individuals,  agencies,  and  sometimes  even  governments  are 
involved. 

Decision  analysis  explicitly  addresses  these  characteristics,  and 
although  the  methodology  cannot  "completely  handle"  each  of  the  difficulties, 
it  is  sufficiently  developed  to  contribute  substantially  toward  better 
decision  making.  However,  the  non-technical  problems  associated  with 
conducting  environmental  analyses,  interpreting  them,  and  implementing 
their  implications  seem  to  be  bigger  hinderances,  although  not  insurmountable, 
to  a  useful  contribution  toward  shaping  environmental  policy  and  improving 
our  environment  than  any  lack  of  theory  or  methodology.  The  interaction 
of  the  analysis  and  the  ensuing  governmental  process  is  examined  with 
emphasis  on  these  non-technical  problems. 
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1.  Introduction  and  Outline 

During  the  past  decade,  citizens  and  their  governments  have  become 
increasingly  aware  of  the  eroding  quality  of  the  environment.  Along  with 
this  increasing  awareness,  we  have  witnessed  a  strong  desire  voiced  by 
many  people  to  improve  their  environment.  Sure  we  all  prefer  better 
environmental  quality  to  the  status  quo,  but  are  we  willing  to  forego 
other  benefits,  mainly  in  terms  of  material  development,  in  order  to 
achieve  it?  Partly  the  answer  depends  on  how  much  better  the  environmental 
quality  gets  and  how  much  material  development  must  be  curtailed.  But 
to  each  individual,  the  question  probably  goes  a  little  deeper.  An 
individual  is  likely  concerned  about  the  overall  impact  of  the  improved 
environment  and  the  decreased  material  development  on  his  or  her  own 
quality  of  life.  And  so  to  some  extent,  quality  of  the  environment  can 
be  considered  as  one  of  the  means  for  achieving  a  desired  quality  of 
life.  An  implication  is  that  at  least  some  environmental  analyses, 
especially  those  done  for  or  by  governmental  units  which  attempt  to  make 
decisions  in  the  interest  of  their  constituents,  must  address  the  inter- 
twined problems  of  the  quality  of  the  environment  and  the  quality  of  life. 

In  this  paper,  I  present  some  of  my  views  on  a  useful  approach  toward 
better  understanding  of  these  environmental  problems  and  toward  better 
decision  making  concerning  them.  The  approach  is  decision  analysis,  a 
field  in  which  I  have  some  expertise.  On  the  other  hand,  except  for  a 
few  experiences  involving  some  specific  pollution  problems,  my  knowledge 
of  most  of  today's  environmental  problems  is  currently  limited  to  that 
of  a  concerned  layman.  It  is  from  this  background  that  I  proceed. 

In  section  2,  the  complexities  common  to  many  environmental  problems 
are  discussed.  These  complexities  make  it  difficult  to  rationally  synthesize 
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in  one's  mind  all  the  relevant  information  influencing  the  selection  of 
"best"  alternative  courses  of  action  with  regard  to  these  problems.  Thus, 
analysis  may  be  desirable.  A  conceptual  framework  for  this  is  outlined 
in  section  3.  Decision  analysis,  as  discussed  in  section  4,  addresses 
many  of  these  complexities  without  oversimplifying  the  problem.  The 
role  of  decision  analysis  in  public  decision  making  and  in  setting 
environmental  policy  is  discussed  in  section  5. 

2.  Characteristics  of  Environmental  Problems 

Let  us  focus  on  some  of  the  characteristic  complexities  of  environmental 
problems.  These  include: 

(1)  The  difficulties  in  identifying  the  problem.  What  are  the  objectives, 
appropriate  measures  of  effectiveness  for  each,  and  the  alternatives?  If 

the  ultimate  objective  is  to  improve  the  quality  of  life,  then  we  must  take 
this  as  a  starting  point  and  be  more  specific  about  what  quality  of  life 
means  in  terms  of  health,  economic  effects,  psychological  well-being, 
aesthetics,  recreational  opportunities,  etc.  In  this  paper,  we  have  no 
precise  definition  of  quality  of  life.  To  define  it  is  an  important  part 
of  the  problem.  Quality  of  life  is  undoubtedly  different  for  different 
individuals,  and  these  individuals'  attitudes  must  somehow  be  integrated 
to  yield  a  quality  of  life  indicator  for  any  impacted  society.  For  each 
of  the  components  of  the  quality  of  life,  we  need  to  identify  or  develop 
useful  measures  for  indicating  the  degree  to  which  quality  of  life  is 
achieved. 

(2)  The  inherent  multi-objective  nature  of  environmental  problems. 
With  multiple  objective  problems,  the  decision  makers  are  always  faced  with 
the  inevitable  tradeoffs  between  achievement  on  one  objective  and  achievement 
on  others. 
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(3)  The  complexity  concerning  time  of  impact.  Effects  of  decisions 
made  today  often  continue  for  many  years.  Examples  include  irrigation  of 
arid  lands  and  building  nuclear  power  stations. 

(4)  The  ever  present  uncertainties  in  environmental  problems.  One 
cannot  precisely  forecast  the  extent  to  which  alternatives  create  or  solve 
environmental  problems.  For  instance,  the  impact  a  new  law  will  have  on 
air  pollutant  emissions  is  not  known  with  certainty  nor  are  the  resulting 
pollution  concentrations  due  to  interaction  between  the  weather  and 
emissions  precisely  predictable.  And  of  course  the  impact  of  the 
pollution  concentrations  on  the  quality  of  life  is  far  from  completely 
understood.  At  the  time  decisions  must  be  made,  there  are  often  large 
uncertainties  about  the  eventual  effects  of  the  various  proposed  alternatives, 

(5)  Frequent  ambiguity  as  to  who  is  responsible  for  making  decisions 
in  environmental  areas.  Even  if  such  responsibility  is  clear,  the  decision 
making  function  may  fall  on  a  group  rather  than  on  an  individual.  Sometimes 
important  environmental  problems  fall  under  the  governmental  jurisdiction 

of  many  different  groups.  For  example,  air  pollution  in  the  New  York 
City  metropolitan  area  is  partially  the  responsibility  of  the  federal 
government,  the  state  governments  of  New  York,  New  Jersey,  and  Connecticut, 
and  several  local  authorities.  Water  pollution  in  the  Rhine  River  Valley 
is  partially  the  responsibility  of  the  governments  of  Switzerland,  Austria, 
Germany,  France,  Belgium,  and  the  Netherlands.  Obviously,  trying  to  reach 
responsible  decisions  with  such  a  diversity  of  actors  involved  in  the 
decision  making  process  is,  to  say  the  least,  challenging. 

Any  analysis  which  purports  to  address  the  entire  problem  must 
consider  all  of  the  complexities  listed  above.  The  temptation  to  neglect 
certain  aspects  is  great  because  of  their  difficulty;  but  for  precisely 
this  reason,  a  complete  analysis  might  be  wery  worthwhile. 


3.  A  Conceptual  Framework  for  Examining  Environmental  Problems 

Now  that  we  have  discussed  some  of  the  complexities  of  environmental 
problems,  let  us  loosely  outline  a  general  framework  for  examining  alternatives 
affecting  environmental  quality.  Our  inputs,  as  indicated  in  Figure  1, 
are  roughly  speaking  the  contributors  to  environmental  problems.  For 
instance,  as  the  standard  of  living  increases,  the  demand  for  electric 
power  rises,  and  the  increased  fuel  consumption  by  electricity  generation 
facilities  causes  air  pollution.  In  this  example,  the  main  physical 
characteristic  of  the  Earth  which  influences  air  pollution  is  the  weather, 
particularly  wind  and  inversion  factors.  The  environmental  technology, 
in  the  form  of  air  pollution  control  devices,  and  the  existing  laws  and 
pollution  control  programs  will  obviously  affect  the  level  of  the  air 
pollution  emissions. 

The  degree  to  which  the  environment  is  altered  from  its  natural  state 
can  often  be  measured.'  For  our  air  pollution  problem,  one  could  measure 
the  various  pollutant  concentrations  in  the  atmosphere  at  several  locations 
at  various  times.  This  information  might  be  used  differently  depending 
on  whether  or  not  the  problem  of  concern  was  operational  or  strategic  in 
nature.  In  operational  problems,  such  as  when  to  require  power  cutbacks 
or  when  to  prohibit  burning  certain  fuel  oils,  pollution  levels  can  be 
used  directly  in  the  decision  and  control  process.  For  example,  when 
sulphur  dioxide  concentrations  reach  50  parts  per  million  in  the  atmosphere, 
the  use  of  sulphur  fuel  oils  could  be  curtailed  in  a  given  area.  With 
strategic  problems,  such  as  whether  a  specific  law  forbidding  use  of  low 
quality  fuel  oils  (i.e.,  high  sulphur  content)  in  a  city  should  be  passed, 
it  is  necessary  to  relate  the  information  on  the  degree  to  which  the 
environment  is  altered,  along  with  costs  of  the  program  and  impacts  on 
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material  developments  to  their  effects  on  the  quality  of  life.  This 
latter  information  is  essential  for  responsible  decision  making  concerning 
environmental  policy,  and  so  it  is  imperative  that  decision  makers  consider 
the  quality  of  life  aspect  either  formally  or  informally. 

If  one  does  formally  determine  the  possible  effects  on  the  quality 
of  life,  the  next  task  is  to  integrate  the  different  possible  effects  to 
arrive  at  some  evaluation  of  the  net  effect.  In  this  evaluation,  subjective 
factors  must  be  accounted  for  because  one's  preferences  are  inherently 
subjective.  Such  an  evaluation  then  becomes  an  important  ingredient  of 
the  decision  and  control  process.  And  then,  of  course,  the  passed  laws 
and  programs  affect  the  inputs  to  the  process.  For  instance,  requirements 
to  place  high  quality  pollution  control  devices  on  all  automobiles  in 
a  few  years  time  can  both  spur  development  of  environmental  technology 
and  affect  the  standard  of  living. 

The  framework  for  examining  environmental  problems  sketched  in 
Figure  1  represents  what  I  feel  are  the  important  steps  in  the  decision 
process.  It  deviates  from  conventional  practice  substantially  in  two 
respects.  First,  in  current  situations  the  degree  of  formalization  of 
the  various  steps,  especially  those  involving  the  more  subjective  aspects 
of  the  problem,  is  far  below  what  I  believe  is  worthwhile.  Secondly, 
the  quality  of  life  aspect  of  the  problem  is  rarely  considered  other  than 
very   superficially.  Part  of  the  explanation  for  this  is  the  complexity 
of  the  task,  but  this  is  fundamental  in  environmental  problems.  How 
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can  one  responsibly  make  a  decision  to  spend  10  million  dollars  per  year 
to  reduce  average  air  pollution  concentrations  over  a  city  from  30  to  20 
parts  per  million  without  considering  the  impact  this  might  have  on  the 
citizens  life:  their  health,  their  economic  situation,  their  psychological 
well-being,  and  their  enjoyment  of  life?  Although  the  quality  of  life 
aspects,  many  of  which  are  rather  subjective,  are  essential  to  the  problem, 
they  are  often  neglected.  In  terms  of  Figure  1,  the  part  of  the  framework 
to  the  right  of  the  dashed  line  is  skipped  in  analyses,  and  the  "short 
circuit"  route  from  the  measurement  of  environmental  alteration  to  the 
decision  and  control  process  is  taken  with  strategic  problems,  as  well 
as  the  operational  ones. 

4.  The  Decision  Analytic  Philosophy  and  Approach* 

We  now  discuss  the  general  philosophy  and  logic  of  decision  analysis 
and  then  indicate  the  decision  analytic  treatment  of  the  complexities 
mentioned  in  section  2.  Following  that,  we  comment  on  the  role  and 
appropriateness  of  the  entire  decision  analytic  approach  to  environmental 
problems. 

Decision  analysis  is  based  on  the  assumption  that  the  relative 
attractiveness  of  the  alternatives  should  depend  on  two  factors:  The 
likelihood  of  the  various  possible  consequences  occurring  if  a  particular 
alternative  is  chosen,  and  the  relative  desirability  of  each  of  those 
possible  consequences.  Thus,  one  can  consider  the  decision  analysis  to 
have  four  steps: 


* 
Introductions  to  decision  analysis  are  found  in  Howard  [8]  and  Raiffe  [16], 


(1)  structuring  the  decision  problem  includes  generation  of 
alternatives  and  an  appropriate  set  of  objectives  and 
measures  of  effectiveness  to  indicate  the  degree  to  which 
these  objectives  might  be  achieved  by  various  alternatives. 

(2)  Describing  the  possible  consequences  over  time  of  each 
alternative  in  terms  of  the  measures  of  effectiveness. 
With  this  step,  the  uncertainty  associated  with  possible 
programs  is  identified. 

(3)  Prescribing  the  relative  preferences  of  the  decision  maker 
or  makers  for  the  possible  consequences.  Here  the  tradeoffs 
among  the  conflicting  objectives  which  one  is  willing  to 
accept  are  identified. 

(4)  Rationally  synthesizing  the  information  from  the  first  three 
steps  and  performing  sensitivity  analyses  to  decide  which  of 
the  proposed  programs  is  preferred. 

I  think  that  these  four  steps  are  simply  the  "common  sense"  approach. 
In  fact,  one  could  argue  that  many  important  decisions  are  made  following 
this  approach.  The  distinction  however  is  the  degree  of  formalization 
in  the  separate  steps  of  a  decision  analysis. 

The  basic  idea  of  decision  analysis  is  divide  and  conquer.  The 
metliodology  allows  one  to  work  o.'i  the  different  complexities  separately 
and  then  combine  the  parts  to  form  an  overall  model  for  making  decisions. 
For  instance,  one  can  focus  on  the  uncertainties  about  the  eventual  effects 
a  certain  program  will  have  on  the  quality  of  life  separately  from  the 
specification  of  preferences  for  various  levels  of  the  quality  of  life. 
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Let  us  consider  the  complexities  individually,  discussing  both  the 
issues  to  be  considered  in  overcoming  each  and  the  decision  analysis 
contribution  toward  achieving  this. 

Objectives  and  measures  of  effectiveness  are  often  difficult  to 
specify  regardless  of  the  type  of  model  used.  One  of  the  big  issues 
here  is  how  deep  the  analysis  should  go.  For  example,  will  proxy 
variables,  such  as  air  pollution  concentrations,  be  good  enough  for 
evaluating  policy  alternatives,  or  should  one  attempt  to  determine  the 
effects  of  these  various  concentrations  on  the  quality  of  life  for 
input  into  the  decision  making  process?  As  indicated  earlier,  the 
answer  depends  to  a  great  extent  on  whether  the  problem  is  strategic  or 
operational  and  on  the  future  uses  of  the  analysis.  The  specification  ' 
of  objectives  and  appropriate  measures  of  effectiveness  is  a  very 
important  part  of  a  complete  decision  analysis;  it  is  not  assumed  that 
these  are  handed  down  on  a  platter  at  the  start  of  the  analysis.  Individual 
measures  of  effectiveness  and  the  entire  set  as  a  whole  should  be  completely 
reviewed  as  to  whether  they  satisfy  criteria  such  as  comprehensiveness, 
nonredundancy,  meaningful ness  to  the  decision  makers,  etc.  An  example 
of  obtaining  a  set  of  objectives  and  associated  measures  for  an  air 
pollution  problem  in  New  York  City  is  given  in  Ellis  and  Keeney  [4].  The 
objectives  included  economical,  physical,  health,  psychological,  and 
political  aspects  of  the  problem.  All  of  the  affected  parties  should 
be  included  in  the  process  of  setting  objectives  to  assure  relevant 
aspects  of  the  problem  are  included.  In  setting  objectives  in  the 
Delaware  River  Basin,  Marks  [15]  reports  that  citizen's  groups, 
conservationists,  industrialists,  and  governmental  representatives 
were  involved. 
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Uncertainties  are  always  explicitly  treated  in  decision  analysis. 
The  problem  is  to  determine  the  possible  impacts  of  proposed  laws  or 
environmental  programs  on  our  ultimate  measures  of  effectiveness  con- 
cerning the  quality  of  life.  This  information  is  encoded  in  terms  of  a 
probability  distribution  function  over  the  measures  of  effectiveness. 
To  facilitate  discussion,  let  us  designate  this  probability  distribution 
function  given  alternative  j  is  chosen  as  P,-(>i).  where  x  designates  a 
vector  representing  the  levels  of  achievement  on  the  different  measures. 

Often  the  process  of  specifying  p •()<_)  can  be  divided  into  a  number 
of  separate  tasks  which  we  will  illustrate  by  an  air  pollution  example. 
For  alternative  j,  one  might  assess  a  conditional  probability  distribution 
Pq^S.)  ^^^   the  amount  of  pollutants  £  which  would  be  emitted  into  the  air. 
Such  a  model  involves  inputs  of  fuels  available,  human  behavior^  and 
compliance  with  laws,  etc.  One  might  then  build  a  physical  model  to 
determine  the  conditional  probability  distribution  P^(0  for  various 
concentrations  c_  of  pollutants  which  might  be  experienced  given  the 
pollution  emissions  ^,     This  model  would  use  as  inputs  the  possible 
weather  conditions,  the  pollutant  emission  levels,  and  the  interaction 
between  these.  Finally,  for  each  concentration,  one  would  try  to  model 
the  effect  on  the  quality  of  life  in  terms  of  the  conditional  probability 
distribution  p^(x).  Putting  these  models  together  using  probability 
theory,  we  find 

PjM       =    f    [   Px(2<)  p2(£)  Pq(a)  dadc.  (1) 

If  the  impacts  are  felt  in  various  time  periods,  then  a  model  like  (1) 
must  be  developed  to  account  for  this. 
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The  advantage  to  (1)  is  that  it  allows  us  to  break  the  probabilistic 
part  of  the  entire  decision  model  into  subparts,  each  of  which  is  simpler 
to  deal  with  than  the  whole.  Furthermore,  for  each  of  the  subparts,  that 
is  /(x),  p'^d).  and  p'^C^.),  it  would  likely  be  useful  to  draw  en  the 
knowledge  of  experts  in  different  fields.  For  example,  p^(c)  relating 
emissions  and  concentrations  would  draw  on  talents  of  meteorologists 
and  physical  scientists,  where  as  the  health  aspects  of  the  quality  of 
life  as  a  function  of  concentrations  described  by  p^(x)  would  rely  heavily 
on  knowledge  of  the  medical  professions.  As  concern  over  ecological 
problems  has  increased  in  the  last  decade,  information  useful  for  building 
models  such  as  these  has  been  increasingly  tabulated  and  studied. 

Assessment  of  preferences  is  a  ^^ery  difficult  task,  especially  when 
the  effects  of  interest  are  measured  with  many  attributes  and  occur  over 
more  than  one  time  period. 

As  a  simple  illustration,  consider  an  air  pollution  example.  Suppose 
alternative  A  might  result  in  either  20,000  days  of  bed  disability  for  a 
particular  population  and  a  cost  of  one  million  dollars  or  50,000  days  of 
bed  disability  and  a  cost  of  two  million  dollars.  Before  making  the 
decision,  it  may  seem  that  the  likelihood  of  either  is  about  one-half.* 
Another  option,  alternative  B,  may  result  in  40,000  days  of  bed  disability 
at  a  cost  of  1.4  million  dollars  with  probability  1/3  or  25,000  days  of 
bed  disability  at  a  cost  of  1.1  million  dollars  with  probability  2/3. 
Which  alternative  is  better?  Well  as  indicated,  it  depends  on  the 
probabilities,  but  also  it  depends  on  the  relative  desirability  of  the 
possible  consequences.  A  measure  of  this  desirability  is  called  utility. 


♦Obviously,  if  a  decision  maker  had  the  authority  to  choose  one 
of  these  two  consequences,  he  would  choose  the  former.  The  point  is, 
however,  that  which  consequence  eventually  results  is  not  under  his 
control.  If  alternative  A  is  chosen,  each  consequence  has  a  50-50 
chance  of  eventually  occurring. 
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To  quantify  the  preferences  in  a  manner  useful  for  analysis,  we 
need  the  utility  of  each  possible  consequence.  These  utilities  are 
assigned  in  such  a  manner  that  the  expected  utility  is  an  appropriate 
guide  for  making  decisions.  This  fact  follows  from  a  set  of  basic 
assumptions,  which  are  accepted  by  many  as  being  appropriate  for 
decision  making.  The  interested  reader  vjill  find  the  details  in 
von  Neumann  and  Morgenstern  [19]. 

Operationally,  because  of  the  large  number  of  possible  consequences, 
utilities  are  usually  assigned  by  assessing  a  utility  function 
u(x, ,  X2,...,x  ),  where  x^  indicates  the  amount  of  a  specific  measure 
of  effectiveness  in  a  specific  year.  That  is  x,  may  be  30,000  days 
of  bed  disability  this  year,  y.^   may  be  70,000  days  of  bed  disability 
next  year,  and  x^  may  indicate  governmental  cost  of  $750,000  per  year,  etc. 

In  assessing  such  utility  functions,  it  is  useful  to  exploit 
independence  ideas,  such  as  those  discussed  in  Fishburn  [5,6],  Raiffa  [17], 
or  Keeney  [9,10].  Using  these,  we  attempt  to  find  a  function  f  such  that 

u(x-|,  X2,...,  x^)  =  f[u^(x^),  U2(x2),....  Un(x^)],       (2) 

where  the  u^-'s  are  utility  functions  over  their  respective  ranges  and  f 
has  a  simple  form.  Work  of  this  nature  is  described  in  Ellis  [3]  with 
respect  to  air  pollution  in  New  York  City,  by  Stanford  Research  Institute 
[18]  concerning  expansion  of  the  Mexican  electrical  power  system,  and  in 
Keeney  [11,12]  with  respect  to  examining  fire  department  polici'^s  and 
metropolitan  airport  development. 

The  group  decision  problem  is  relevant  to  many  environmental  problems, 
since  the  responsibility  for  making  decisions  often  falls  on  several  individuals. 
The  main  question  involves  synthesizing  the  preferences  of  the  individuals 
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of  a  decision  making  group  to  come  up  with  a  "best"  course  of  action  for 
the  group.  Much  of  the  important  work  on  this  problem  has  indicated 
theoretical  limitations  of  intuitively  appealing  approaches.  For  example. 
Arrow  [1],  proved  that  given  the  individual  group  members  preference 
ordering  of  the  alternatives,  there  was  not  procedure  to  obtain  a  group 
ordering  which  satisfied  five  "reasonable"  criteria. 

There  is  no  completely  satisfactory  solution  to  the  group  problem 
using  decision  analysis,  although  there  has  been  recent  useful  work  on 
developing  a  group  utility  function  from  individual  utility  functions. 
Harsanyi  [7]  and  Kirkwood  [14]  give  examples  of  this. 

Even  without  a  group  utility  function,  individual  decision  analyses 
done  by  the  different  group  members  can  be  very  helpful  in  eventually 
making  a  responsible  decision.  Comparison  of  the  individual  analyses 
would  indicate  differences  and  points  of  agreement  among  the  group 
members.  For  instance,  there  may  be  agreement  on  the  possible  impacts 
of  the  different  alternatives,  but  disagreement  on  the  value  structure 
to  evaluate  them.  Once  such  differences  are  identified  the  opportunity 
for  possible  reconciliation  of  views  and  constructive  compromise  is 
improved.  The  model  itself  may  be  a  catalyst  in  reaching  a  compromise, 
or  even  identifying  "better  solutions"  by  providing  a  methodology  to 
examine  proposed  compromise  solutions  and  indicating  areas  where  certain 
solutions  are  "weak".  In  almost  all  cases,  the  individual  decision 
analyses  should  contribute  to  elevating  discussion  to  a  constructive 
level. 

5.  The  Role  of  Decision  Analysis  in  Environmental  Decision  Making 

The  desired  function  of  decision  analysis  is  to  improve  the  decision 
making  process.  A  few  paragraphs  quoted  from  Keeney  and  Raiffa  [13] 
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express  my  feelings  on  the  role  of  decision  analysis  in  examining 
environmental  problems. 

"Simply  stated,  the  major  role  of  formal  analysis  is 
'to  promote  good  decision  making'.  Formal  analysis  is  meant 
to  ser^e   as  an  aid  to  the  decision  maker  and  not  as  a 
substitute  for  him.  There  is  no  attempt--nor  would  it  be 
possible--to  replace  the  judgment  and  resourcefulness  of 
the  decision  maker. 

"Formal  decision  analysis  helps  the  decision  maker 
choose  a  good  course  of  action  by  providing  a  rational  and 
methodological  procedure  for  that  choice.  The  analysis 
also  can  serve  an  advocacy  role  to  facilitate  the  making 
or  the  implementation  of  a  particular  decision.  As  a 
process,  it  is  intended  to  force  hard  thinking  about  the 
problem  area:  generation  of  alternatives,  anticipation  of 
future  contingencies,  examination  of  dynamic  secondary 
effects,  and  so  forth.  Furthermore,  a  good  analysis  should 
illuminate  controversy--to  find  out  where  basic  differences 
exist,  in  values  and  uncertainties,  to  facilitate  compromise, 
to  increase  the  level  of  public  debate  and  undercut  rhetoric-- 
in  short  'to  promote  good  decision  making'. 

"It  is  extremely  difficult  to  do  a  good  analysis  on 
an  initial  attempt.  Thus,  first  attempts  must  be  considered 
somewhat  exploratory  in  nature,  and  as  such  the  results  are, 
to  say  the  least,  preliminary.  However,  if  documented  for 
scrutiny  by  others,  these  attempts  serve  well  as  a  basis  for 
comment  and  critical  review,  modification  and  improvement. 
In  the  process,  procedures  will  be  sharpened,  standards  of 
analysis  improved,  debate  will  become  more  focused,  and 
hopefully  decision  makers  will  become  more  responsible  to 
the  common  good." 

My  feeling  is  that  decision  analysis  directly  meets  the  challenge 
of  analysis  stated  in  the  preceding  paragraphs.  Differentiated  from 
other  analytical  approaches,  decision  analysis  formally  includes  the 
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more  subjective  aspects  of  a  problem,  especially  the  decision  makers 
preferences.  Furthermore,  as  suggested  here,  the  \/ery   important  quality 
of  life  aspect  of  environmental  problems,  which  must  be  considered  in 
making  strategic  decisions,  can  be  appropriately  accounted  for  using 
decision  analysis.  Without  these  factors,  an  analysis  is  likely  to 
provide  little  or  no  help  for  constructive  decision  making. 

I  believe  that  the  non-technical  factors  are  more  of  an  impediment 
to  the  use  of  decision  analysis  than  any  lack  of  techniques.  For  instance, 
can  the  decision  makers  rely  on  the  analysts  and  how  can  they  avoid  a 
loss  of  control  over  a  decision  to  them,  where  does  one  get  all  the 
time  needed  for  these  analyses,  and  how  can  a  decision  maker  avoid  the 
political  vulnerability  of  being  open,  honest,  and  unambiguous  about 
his  or  her  preferences?  Let  us  briefly  consider  these. 

First  of  all,  we  have  stated  the  analysis  is  to  aid  the  decision 
maker  and  in  no  sense  replace  him.  The  preferences  and  judgments  in 
a  decision  analyses  are  supposed  to  be  those  of  the  decision  maker,  or 
persons  delegated  by  him,  and  not  those  of  the  analyst.  The  decision 
maker  does  have  a  responsibility  to  participate  in  an  important  analysis 
and  scrutinize  all  the  assumptions  and  implications.  However,  unlike 
less  formal  approaches  where  the  decision  maker  might  be  forced  to  rely 
on  the  'in  the  head  analyses'  of  subordinates,  the  decision  maker  should 
have  all  assumptions  and  value  judgments  used  in  reaching  any  conclusions 
clearly  stated  for  his  review. 

Certainly,  one  would  not  expect  an  important  public  official  to 
have  the  time  to  analyze  e\/ery   environmental  problem.  However,  on 
important  issues  of  environmental  policy,  you  might  expect  the  responsibility 
for  suggesting  a  recommended  course  of  action  to  be  delegated  to  one  of 
his  aids  who  would  then  supervise  and  participate  in  a  decision  analysis 
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of  the  alternatives.  For  instance,  a  mayor  of  a  large  city  may  ask  the 
director  of  the  city's  environmental  protection  agency  to  draft  proposed 
legislation  concerning  air  pollution.  The  agency  would  then  generate  and 
evaluate  alternatives  and  present  the  resulting  recommendations  to  the 
mayor.  If  the  time  available  for  evaluating  alternatives  is  short,  then 
the  depth  of  analysis  can  be  adjusted  accordingly.  Often  in  these  cases, 
a  rough  analysis  proves  to  be  very  worthwhile  in  that  it  illuminates 
complex  relationships  and  possible  consequences  that  might  be  overlooked 
in  a  quick  informal  analysis.  On  operational  problems,  once  the  guidelines 
have  been  specified,  rules  indicating  when  certain  decisions  should  be 
taken  could  be  catalogued  and  the  responsibility  for  such  decisions 
delegated  to  appropriate  public  agencies. 

It  would  seem  to  be  the  case  that  if  decision  makers,  especially 
when  they  are  public  officials,  are  open,  honest,  and  unambiguous  about 
their  preferences,  they  become  politically  vulnerable.  Some  analysis 
may  be  mainly  to  help  one  make  up  his  own  mind  as  opposed  to  those  meant 
for  public  presentation.  In  the  former  case,  political  problems  due  to 
the  analysis  are  minimized.  However,  in  the  latter  case,  there  seems 
to  be  no  simple  answer.  Perhaps,  we  all  need  to  better  understand  the 
saying  that  we  all  know  is  true,  "you  can't  please  all  of  the  people 
all  of  the  time,"  and  accept  the  fact  that  sometimes  we  won't  be  and, 
in  the  interest  of  all  concerned,  shouldn't  be  pleased.  This  might 
contribute  to  raising  political  effects  from  destructive  rhetoric  to 
constructive  criticism. 

6.  Conclusions 


I  believe  that  the  philosophical  base  of  decision  analysis  is 
sound  and  appropriate  for  analyzing  environmental  problems.  The  fundamental 
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assumptions  of  the  approach  do  not  oversimplify  the  issues  involved. 
Furthermore,  the  specific  techniques  of  decision  analysis  are  now 
developed  to  the  degree  to  where  they  can  capture  much  of  the  significance 
of  environmental  problems  and  usefully  contribute  to  the  decision  making 
process  of  the  decision  makers. 

The  non-technical  difficulties  inhibiting  analysis  in  general  are 
bigger  impedances  than  technical  problems  to  a  useful  contribution  of 
decision  analysis.  These  are  often  the  result  of  a  lack  of  communication 
and  understanding  between  the  analysts  and  the  decision  makers.  There 
are  no  simple  solutions  here,  but  a  willingness  of  the  analysts  to  work 
with  the  decision  makers  and  understand  their  problems  and  an  effort  on 
the  part  of  the  decision  makers  to  contribute  to  the  analysis  and  not 
expect  miracle  solutions,  can  go  a  long  way  toward  improving  the  climate 
for  and  usefulness  of  analyses. 

In  any  case,  important  decisions  are  continually  being  made.  And 
the  choice  of  how  to  make  them  is  not  between  a  formal  analysis,  which 
is  not  perfect,  and  another  approach  which  is,  but  rather  between  a 
formal  analysis  and  an  informal  analysis,  which  is  also  not  perfect.  As 
the  complexity  of  the  problem  increases,  the  ability  of  one  to  informally 
process  all  the  relevant  information  in  a  responsible  manner  decreases. 
In  these  situations,  the  advantages  of  decision  analysis  begin  to  multiply, 
even  though  the  necessary  effort  to  do  a  first-rate  decision  analysis  is 
substantial . 
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